
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BY BEN SCANDELLA, PHD, GIT  

AND JUSTIN IVERSON, RG  

STATE OF OREGON 

 

 

2021 
 OREGON GROUNDWATER RESOURCE 

CONCERNS ASSESSMENT 
 

 

 

 

 
 

 

 

 

 

 

 

 

  



 

2021 

 
 

BY BEN SCANDELLA, PHD, GIT AND JUSTIN IVERSON, RG 

STATE OF OREGON 

 

 

 

 

 

 

 

 

  

OREGON GROUNDWATER 

RESOURCE CONCERNS 

ASSESSMENT 

12/31/2021 



Contents 
Summary ....................................................................................................................................................... 3 

Background ................................................................................................................................................... 5 

Previous State-Wide Assessments of Groundwater Vulnerability ........................................................... 6 

Evaluating Groundwater Resources Concerns .......................................................................................... 7 

Groundwater Information System and Water Rights Information System .............................................. 7 

Resource Concern Categories ....................................................................................................................... 8 

Significant Concern ................................................................................................................................... 8 

Concern ..................................................................................................................................................... 8 

Yield-Limited ............................................................................................................................................. 9 

No Concerning Data Available .................................................................................................................. 9 

Data Sources ................................................................................................................................................. 9 

Groundwater Declines .............................................................................................................................. 9 

Exceeded Decline Permit Conditions ...................................................................................................... 11 

Groundwater Restricted Areas ............................................................................................................... 13 

State Scenic Waterways .......................................................................................................................... 13 

GW Review Findings ............................................................................................................................... 13 

Availability of Hydraulically-Connected Surface Water Sources ............................................................ 14 

Low-Yielding Wells .................................................................................................................................. 16 

Display Choices ........................................................................................................................................... 20 

Spatial Resolution ................................................................................................................................... 20 

Aquifer Systems ...................................................................................................................................... 20 

Color Scale and Outlines ......................................................................................................................... 21 

Discussion.................................................................................................................................................... 22 

Evaluation of Areas by Concern .............................................................................................................. 22 

Robustness of Concern Ratings ............................................................................................................... 24 

Future Analyses ....................................................................................................................................... 26 

More Comprehensive Treatment of SW/GW Connection .................................................................. 26 

Distinct Aquifer Systems with Mixed Concern Ratings ....................................................................... 26 

Age of data .......................................................................................................................................... 27 

Works Cited ................................................................................................................................................. 27 

Appendices .................................................................................................................................................. 27 



 

Summary 
Groundwater is a critical resource for Oregon, but increased groundwater pumping can have impacts on 

existing users and hydraulically connected surface water sources.  The Department continues to develop 

new tools to understand and communicate these impacts in order to balance needs for both water 

supply and instream flow.  This report details a statewide, data-driven assessment of concerns 

associated with the development of groundwater resources, including: 

1. Statutory or administrative rule restrictions to obtaining a groundwater right for the purpose of 

irrigation. Groundwater use for irrigation purposes currently accounts for approximately 90% of 

permitted groundwater allocation in the state, and therefore was selected as the focus of this 

assessment.  

2. Data indicating sustainability problems like excessive groundwater level declines or diminished 

groundwater contributions to state scenic waterways. 

3. The physical ability of an aquifer to supply water to a well at a rate sufficient to support 

relatively large uses, such as irrigation uses typical in a given area. 

This report and associated map are intended to facilitate understanding, awareness, and discussion 

about these groundwater concerns.  It is not a decision-making tool for water availability or allocation, 

which will continue to occur according to existing Department practices implementing rule and statute.  

The map does not identify all potential concerns, nor does it indicate that concerns identified would 

result in new water right applications being denied or existing rights being curtailed within an area.  

The map incorporates many types of information used to assess groundwater resource concerns in each 

Public Land Survey Township in Oregon (Figure 1).  The report also presents a series of component maps 

representing the various inputs to the primary map.  Generally, the concern categories represent: 

- Significant Concern (dark red): groundwater pumping for new irrigation is prohibited by an area-

specific rule, has been proposed for a use beyond the capacity of the resource, or has caused 

significant declines in groundwater levels.  

- Concern (red): groundwater pumping for new irrigation is restricted by an area-specific rule, is 

likely to impact hydraulically-connected surface water with no August availability, or has caused 

moderate declines in groundwater levels. 

- Yield-limited Wells (orange): groundwater pumping appears limited by aquifer characteristics 

that limit productivity, where typical well yield is insufficient to meet typical irrigation demand. 

- No Concerning Data Available (gray): not enough reliable data have been collected within the 

Township to objectively assess a concern rating using this state-wide analysis, or available data 

indicates no concern related to the categories above (about 5% of all Townships in this 

category). 

 

 



 

Figure 1: 2021 groundwater resource concerns, by Township (typically 36 square miles in area). 

 

Key observations from the map include: 

- Of the 410 Townships with significant concerns, a third fall entirely outside of existing 

Groundwater Restricted Areas or areas above State Scenic Waterways where flows have been 

measurably reduced per ORS 390.835 (9) and (12).  These Townships may warrant further study 

and potential inclusion in expanded or new Groundwater Restricted Areas. 

- Over 80% of applications for groundwater permits and limited licenses since 2010 are in areas of 

concern or significant concern, and 80% of these applications were approved or proposed for 

approval (79% in areas of significant concern and 83% in areas of concern, versus 81% 

statewide).  Further groundwater development in these areas has the potential to exacerbate 

negative impacts and conflicts between users.  Investments are needed in data, studies, 

planning and management to resolve complex issues. 

- Over half of Oregon lacks readily-available data to evaluate groundwater resource concerns.  As 

permitted groundwater use expands across the state, annual water level measurements are 

reported as a common condition of new groundwater permits.  However, additional 



investments are needed in monitoring and studies to manage groundwater resources 

proactively.  Funding is needed to enable the Department to expand groundwater monitoring 

and develop basin-scale water budgets and information inventories.  Such efforts are important 

initial components of groundwater basin studies, which are the best way to understand 

ƎǊƻǳƴŘǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ƛƴ hǊŜƎƻƴΩǎ ŎƻƳǇƭŜȄ ŀǉǳƛŦŜǊǎΦ 

Results of this analysis should be considered in the context of some significant limitations of this 

approach.  On one hand, evaluating concerns at the scale of Townships that have a typical area of 36 

square miles tends to spread point data over space and over areas that may contain multiple aquifers.  

This aggregation is convenient for visualization and is generally reasonable for capturing long-term 

trends, but it also means that any concerns that are concentrated in a small area or single aquifer 

nonetheless impact the concern rating for the whole Township.  The extrapolation of concern is 

balanced somewhat by underestimation of concern due to neglect of impacts that could not be readily 

incorporated into this analysis. For example, the concern ratings do not consider potential interference 

with senior groundwater rights. In addition, they consider the potential for depletion of surface water 

only when relevant analyses were available, which was true across only 36% of the state (see discussion 

ƛƴ ǊŜǇƻǊǘ ǎŜŎǘƛƻƴ άAvailability of Hydraulically-Connected Surface Water Sourcesέύ.  Therefore, this map 

does not consistently reflect the facts that groundwater pumping depletes hydraulically connected 

surface water, and that nearly all surface water in Oregon is fully appropriated in August. It is impossible 

to characterize any overall bias because concerns are subjective, but the accuracy and utility of the 

estimates will continue to improve as more data and more types of data become available for state-

wide analysis.  This map and report will be updated periodically to incorporate those improvements, 

such that they should be considered evolving tools for building shared understanding. 

Background 
The mission of the Water Resources Department (Department) is to practice and promote responsible 

water management through directly addressing Oregon's water supply needs in a manner that protects 

the long-term sustainability of Oregon's ecosystems, economy, and quality of life. The Water Resources 

/ƻƳƳƛǎǎƛƻƴ ŀŘƻǇǘŜŘ hǊŜƎƻƴΩǎ ŦƛǊǎǘ LƴǘŜƎǊŀǘŜŘ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ {ǘǊŀǘŜƎȅ όL²w{ύ ƛƴ нлмн ǘƻ ǳƴŘŜǊǎǘŀƴŘ 

ŀƴŘ ƳŜŜǘ hǊŜƎƻƴΩǎ ǿŀǘŜǊ ƴŜŜŘǎ, and updated the IWRS in 2017 (Mucken and Bateman, 2017). 

The IWRS identifies groundwater as one of four cross-ŎǳǘǘƛƴƎ ƛǎǎǳŜǎ ƻŦ Ǿƛǘŀƭ ƛƳǇƻǊǘŀƴŎŜ ǘƻ hǊŜƎƻƴΩǎ 

water future. Groundwater occurs almost everywhere beneath the land surface.  Because of its 

connection to surface water, it is a major contributing source of water for many surface water features 

in Oregon. More than half of the state's population is directly dependent on groundwater for drinking, 

industrial, or irrigation water. The remainder relies on groundwater as a backup supply to surface water 

sources or as an important source of summer streamflow. As a result, the state's entire population is 

affected by activities of the Department with respect to groundwater.   

¢ƘŜ L²w{ ŀƭǎƻ ŀŎƪƴƻǿƭŜŘƎŜǎ ǘƘŀǘ ǎƛƎƴƛŦƛŎŀƴǘ ǿƻǊƪ ǊŜƳŀƛƴǎ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ hǊŜƎƻƴΩǎ ƎǊƻǳƴŘǿater 

resources and calls for additional groundwater investigations and improved water resources data 

collection in Recommended Actions 1A and 1B. This groundwater resource concern report assesses the 



data collected in response to these recommended actions, as well as historic data, to address one 

component of the identified critical issue of further understanding limited supplies and systems 

(Mucken and Bateman, 2017, Chapter 1).   

Previous State-Wide Assessments of Groundwater Vulnerability 
In 2015, the Water Resources Department generated a state-wide map of groundwater level changes 

and vulnerability (Figure 2), and the present project seeks to build upon that work. This first map 

included point data for wells, colored to indicate the magnitude of declines or recovery over the period 

of record measured for each well. In addition, surface water sub-basins were colored according to an 

index of groundwater vulnerability that was determined by Department staff and explained in a 

narrative report, based on individual professional experience with groundwater across the state. 

 

Figure 2: Groundwater level change and vulnerability map from 2015. 

Feedback suggested that this map was highly informative but difficult to digest in a short period of time 

as part of a presentation, especially because it represented water level changes in individual wells. It 

also lacked some relevant features, and the fact that it was based on the professional judgement of an 

expert meant that it could not easily be updated or compared to prior versions. Finally, it did not clearly 

distinguish areas with insufficient data to evaluate groundwater vulnerability. These limitations 



motivated a central principle of the new version, that it should be based primarily on available data and 

generated with the greatest degree possible of automation in a manner that could be easily replicated 

for future updates. 

Comparing the 2015 map (Figure 2) against the updated estimate (Figure 1: 2021) shows a great degree 

of correspondence between concerns in 2021 and vulnerability in 2015. Some notable differences 

between the 2015 and 2021 maps include: 

- The updated map summarizes concerns within individual Townships instead of vulnerability 

within sub-basinsΦ {ŜŜ ŘƛǎŎǳǎǎƛƻƴ ƛƴ ǘƘŜ ǎŜŎǘƛƻƴ άSpatial Resolutionέ ōŜƭƻǿΦ 

- The updated map outlines the Groundwater Restricted Areas (GWRAs) and areas above State 

Scenic Waterways (SSWs) where mitigation for groundwater impacts on the scenic waterway 

flows is required.  

- The Southern Willamette Valley is indicated as having concerns and significant concerns, 

compared with low vulnerability in 2015. This difference reflects the fact that the 2021 map 

accounts for availability of hydraulically connected surface water sources, where sufficient 

analyses are available (over about 36% of the state). The concerns in this region arise from 

predominant hydraulic connection with surface water sources lacking availability in August. 

Surface water availability was evaluated in August for simplicity and to allow comparison against 

the map of August SW availability across Oregon. 

- The Greater Harney Valley Groundwater Area of Concern (GHVGAC) was established in 2016. 

This area is indicated as having Significant Concerns in 2021, compared with the finding of 

Medium groundwater vulnerability in 2015.  

Evaluating Groundwater Resources Concerns 
The approach described here utilized reliable data that are available statewide to evaluate groundwater 

resource concerns of varying degrees. Areas subject to restricted groundwater use by rule were 

assumed to imply different levels of concern depending on the type of restriction. Findings of over-

appropriation and use beyond the capacity of the resource in groundwater application reviews, as well 

as excessive groundwater declines and exceedance of decline permit conditions, were considered 

evidence of an unsustainable imbalance between groundwater recharge and withdrawal. Hydraulic 

connection to over-appropriated surface water sources was evaluated in aggregate where sufficient 

data were available. Yields measured in irrigation wells were used to identify areas limited by aquifer 

productivity. 

Groundwater Information System and Water Rights Information System 
Over the past 4 years, the Groundwater (GW) section of the Department has been migrating its 

database into a coherent Groundwater Information System (GWIS). The GWIS data are stored in SQL 

(Structured Query Language) and can be accessed via custom webapps for data entry, querying, 

mapping, and download. For the purposes of the present project, this availability enables analysis and 

mapping of trends in groundwater levels via scripts that can re-generate the results at will using the 

latest available data. An eventual goal is that all of the underlying data will be automatically re-



evaluated regularly and made available for staff and the public to view the current state of groundwater 

resource concerns. 

The incorporation of GWIS into SQL also allows for tighter connections between GWIS and the 

5ŜǇŀǊǘƳŜƴǘΩǎ Water Rights Information System (WRIS). These improved connections facilitate the 

5ŜǇŀǊǘƳŜƴǘΩǎ ability to track the relationships between physical wells and their manifestations on 

groundwater rights, called Points of Appropriation (POAs). These relationships are important for 

associating findings on technical reviews of groundwater right applications with the correct aquifer 

system, as well as for evaluating whether decline conditions on groundwater permits have been met 

according to measured data. 

Resource Concern Categories  

Significant Concern 
The highest degree of concern about groundwater resourŎŜǎ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ά{ƛƎƴƛŦƛŎŀƴǘ /ƻƴŎŜǊƴέ 

category. A Township was rated as having significant concern if any of the following were true in any of 

the aquifer systems present: 

- Groundwater Restricted Areas: At least 25% of the Township overlapped an area that is critical, 

classified to prohibit irrigation, or withdrawn, and the restriction applies to an aquifer system 

present in that Township. 

- A technical review of a groundwater permit application, drought application, or permit 

extension with POAs found that groundwater for the proposed use is either over-appropriated 

or not likely available within the capacity of the resource.  

- Any well is either Excessively Declined or Declining Excessively (see discussion below). 

- Any POA has exceeded any of its decline permit conditions. 

Concern 
! ǊŀǘƛƴƎ ƻŦ ά/ƻƴŎŜǊƴέ indicates moderate restrictions or indications of limited resources. A Township 

was rated as having concern if it lacked any significant concerns but did have at least one of the 

following associated pieces of data: 

1. Groundwater Restricted Areas (GWRAs): The Township significantly overlapped an area subject 

to groundwater restrictions.  

a. If more than 25% of the Township overlapped an area within, above, or hydraulically 

connected to a State Scenic Waterway (SSW) where new groundwater permits require 

ad hoc mitigation, or an area subject to a SSW Mitigation Program.  

b. If more than 25% of the area was within a groundwater limited area, as long as the use 

within that limited area is still classified to include irrigation. 

2. Any well in that Township Ƙŀǎ ŘŜŎƭƛƴŜŘ ƳƻŘŜǊŀǘŜƭȅ ƻǊ ƛǎ ƳƻŘŜǊŀǘŜƭȅ ŘŜŎƭƛƴƛƴƎΦ ¢ƘŜ άƳƻŘŜǊŀǘŜƭȅέ 

qualifier is defined for the purposes of this assessment as half way to the quantitative rule 

definitions for excessively declining or declined as per OAR 690-008.  Additional information is 

provided in the Data Sources discussion. 



3. Unavailable hydraulically connected surface water sources: The majority of all (at least 3) POAs 

in the Township that were evaluated for hydraulic connection to surface water sources were 

found to be hydraulically connected to at least 1 surface water source. This majority-connected 

finding was used to approximate that future Points of Appropriation in that aquifer system will 

likely also be hydraulically connected. In addition, the majority of the area of the Township was 

covered by Watershed Availability Basins (WABs) with no water available in August. 

Yield-Limited  
Groundwater was considered to be Yield-Limited if the only problematic information in the Township 

was a median yield on well tests that is below a threshold considered necessary for irrigation from a 

well. Development of those township-specific threshold values is discussed below in sub-ǎŜŎǘƛƻƴ άLow-

Yielding WellsΦέ 

No Concerning Data Available 
Any Township lacking data that indicate concern using the automated methods outlined in this report 

was iƴŘƛŎŀǘŜŘ ŀǎ ƘŀǾƛƴƎ άNo Concerning Data AvailableΦέ Lƴ ǘƘƛǎ ǊŜǇƻǊǘ ŀƴŘ ƳŀǇΣ ǘƘŜ άbƻ /ƻƴŎŜǊƴƛƴƎ 

5ŀǘŀ !ǾŀƛƭŀōƭŜέ ǊŀǘƛƴƎ ŎƻǳƭŘ ƳŜŀƴ ǘƘŀǘ ŜƛǘƘŜǊ ƴƻ Řŀǘŀ ŀǊŜ ŀǾŀƛƭŀōƭŜΣ ƻǊ ŀƭƭ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ƛƴŘƛŎŀǘŜ ƴƻ 

concern.  In most cases of this category, no data were available for this state-wide analysis, meaning 

there was nothing to indicate either concern or lack of concern.  In about 5% of cases, data were 

available that did not indicate concern, such as water level records that showed minimal or no long-term 

declines. wƛƎƻǊƻǳǎƭȅ ƛƴŘƛŎŀǘƛƴƎ άƴƻ ŎƻƴŎŜǊƴέ ǿƻǳƭŘ ǊŜǉǳƛǊŜ ŎƘŀǊŀŎǘŜǊƛȊƛƴƎ ǘƘŜ ŘƛǎǘƛƴŎǘ ŀǉǳƛŦŜǊ ǎȅǎǘŜƳǎ 

that may exist in each Township and associating available data with a specific aquifer system.  This 

assessment is planned for future reports.  

¢ƘŜ ŎŀǾŜŀǘ άΧ5ŀǘŀ !ǾŀƛƭŀōƭŜέ ǿŀǎ ŀƭǎƻ ŀŘŘŜŘ ǘƻ ŜƳǇƘŀǎƛȊŜ ǘƘŜ Řŀǘŀ-driven nature of this assessment 

and the fact that not all existing data were available in an electronic format amenable to being 

incorporated into this automated analysis. In other words, other information may exist that could 

indicate groundwater concern or not, but any such information is located outside of electronic data 

systems available for the analyses described in this report. The potential for other data to exist means 

that the all concern ratings in this report should be considered preliminary and require further review 

before being used for decision-making. 

Data Sources 
The concern categories were assigned by assessing multiple sources of data in a logical and consistent 

manner across the state. Each of those sources is described below: 

Groundwater Declines 
Declining water levels measured in wells over the course of many years indicate that groundwater 

discharge exceeds groundwater recharge over this time period, resulting in the depletion of 

groundwater storage. For this map, excessive declines were considered to be significant concerns, while 

moderate declines were considered concerning, as they may lead to a finding of further appropriation 

being beyond the capacity of the resource. 



1. For the purpose of this assessment, a well may experience excessive declines (OAR 690-008-

0001) in either of 2 ways: 

a. Declined excessively: annual high water level elevations display a total decline of over 

50 feet from the highest value to the most recent value. 

b. Excessively declining: annual high water level elevations over the past 10 years display 

an average downward trend (interpreted as the slope of the least-squares best fit line) 

of 3 or more feet per year. At least 3 water levels are required for evaluation of the 

best-Ŧƛǘ ǘǊŜƴŘΣ ŀƴŘ άŦƻǊ ŀǘ ƭŜŀǎǘ мл ȅŜŀǊǎέ ƛǎ ƛƴǘŜǊǇǊŜǘŜŘ ǘƻ ƳŜŀƴ ŀ ǇŜǊƛƻŘ ƻŦ ŘǳǊŀǘƛƻƴ мл 

years. Future work could consider all the possible trends calculated over periods of at 

least 10 years into the past and check for the greatest rate of decline, potentially 

detecting more excessively declining wells. 

 

Figure 3: Number of wells Excessively Declined or Declining per Township. 

 

2. Moderate declines are defined as a total decline of over 25 feet (half-way to declined 

excessively). Future versions of the map could consider incorporating moderate rates of decline 

and thresholds for moderate declines that are specific to the primary aquifer system. 

https://secure.sos.state.or.us/oard/viewSingleRule.action?ruleVrsnRsn=177119
https://secure.sos.state.or.us/oard/viewSingleRule.action?ruleVrsnRsn=177119


 

 

Figure 4: Number of wells with moderate declines per Township. 

 

Exceeded Decline Permit Conditions 
Most groundwater permits in Oregon are subject to conditions limiting the allowable decline in water 

level, and a well with any exceeded decline condition was considered a significant concern. As with 

other groundwater declines, the following were evaluated on spring high static measurements. In the 

following, X, Y, and Z are thresholds specific to each permit. 

A. An average water level decline of X or more feet per year for five consecutive years. This was 

evaluated by taking the difference between the most recent water level and the level 5 years 

before it, then dividing by 5 to get an annual rate. If no water level was measured 5 years 

before, then that level was linearly interpolated using the next most recent water level before 5 

years previous. The recent annual high water level must have been measured within the past 10 

years, to ensure that permit conditions exceeded on this criterion do not persist forever.  


































